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ITEM: 8

SUBJECT: TOXICS TOTAL MAXIMUM DAILY LOADS (TMDLS) FOR THE
SAN DIEGO CREEK/NEWPORT BAY WATERSHED

At the September 26, 2001, Board meeting, the Regional Board was informed of the
process and timeline by which toxics total maximum daily loads (TMDLs) for San Diego
Creek and Newport Bay are being developed. Board staff will report on the specifics of
the selenium, diazinon, and chlorpyrifos TMDLs at this Board meeting. Copies of the
draft TMDL reports are attached.
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1. INTRODUCTION

Selenium (Se) is a natural trace element in the environment. It has chemical and
physical properties that are intermediate between those of metals and non-
metals. It is an essential nutrient for fish, birds, animals, and humans. However,
excess amounts are found to cause toxicity. One of the most important features
of selenium ecotoxicology is the very narrow margin between nutritionally optimal
and potentially toxic dietary exposures for vertebrate animals (Wilber, 1980).

1.1. SELENIUM IN THE ENVIRONMENT

Selenium exists in different environmental compartments that are atmospheric,
marine, and terrestrial in nature. Heterogeneity in its distribution results in
movement of selenium among those compartments (Nriagu, 1989). Generally
speaking, parent materials known to have the highest Se concentration are black
shales (around 600 ppm) and phosphate rocks (1-300 ppm), both potentially
giving rise to seleniferous soils and food chain Se toxicity. Selenium can become
mobilized and concentrated by weathering and evaporation in the process of soil
formation and alluvial fan deposition in arid and semiarid climates (Presser,
1994). Selenium contamination of aquatic ecosystems is of special concern in
large parts of California, and other semi-arid regions of western North America
(Seiler et al., 1999).

1.2 CHEMICAL FORMS

The chemical speciation of Se is a critical consideration in assessing Se
contamination in that the bioavailability and toxicity of selenium are greatly
affected by its chemical forms. Selenium can occur in four different oxidation
states: selenide (—2), elemental selenium (0), selenite (+4), and selenate (+6). In
general, selenate (Se®*) has a high solubility and is the most mobile in water.
Selenite (Se**) is soluble in water but its strong affinity to be adsorbed to soil
particles greatly reduces its mobility. Elemental Se (Se°) exists in a crystalline
form and is usually incorporated in soil particles. In most surface waters,
selenate and selenite are the most common chemical forms. Selenite is the most
bioavailable of the dissolved phase inorganic species (Maider et al., 1993;
Skorupa, 1998). Organo-selenide was also found to be very bioavailable and
hence toxic to algae, invertebrates, and fish (Maider et al., 1993).

Selenium is also found in particulate phases, which may include primary
producers (e.g., phytoplanton), bacteria, detritus, suspended inorganic material,
and sediments. Interactions and transformation of selenium between dissolved
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and particulate phases could be biological, chemical, physical in nature. Those
reactions play an important role in selenium toxicity (Luoma and Presser, 2000).

1.3. BIOACCUMULATION

Selenium tends to bioaccumulate in bio-tissues and causes toxicological effects.
There is strong evidence that the major selenium uptake route into fish is not
accumulation from water, but rather via the food chain (Fowler and Benayoun,
1976; Wilber, 1980; Luoma et al., 1992). Bioaccumulation of selenium in lower
trophic level invertebrates (e.g., zooplankton and bivalves) is a critical step in
determining the effects of Se since higher trophic level predators such as fish
and birds feed on invertebrates. Studies have shown that uptake of dissolved Se
by invertebrates is not as important as uptake from diet (Luoma et al., 1992;
Lemly, 1993). Luoma and Presser (2000) suggested that direct uptake of
particulate selenium by invertebrates via filter-feeding or deposit feeding is the
primary route for selenium to enter the food web. In laboratory studies of the
mussel Mytilus edulis, dissolved selenite (+4) is the most bioavailable form of
inorganic Se taken up from solution (Wang et al., 1996). Luoma et al. (1992)
showed that the uptake rate of dissolved selenite explained less than 5% of the
tissue concentrations of Se accumulated by the clam Macoma balthica at
concentrations typical of the San Francisco Bay-Delta. The role of dissolved
organic selenides in Se bioaccumulation is not as well understood as availability
of inorganic Se, but it is unlikely that its uptake rate is greater than uptake rates
from food (Luoma and Presser, 2000).

2 Draft Se TMDL for Newport Bay
and San Diego Creek Watershed



2. PROBLEM STATEMENT

2.1. GEOLOGICAL AND BIOLOGICAL SETTING

The Newport Bay/San Diego Creek (NB/SDC) watershed is located in Central
Orange County in the southwest corner of the Santa Ana River Basin, about 3.5
miles south of Los Angeles and 70 miles north of San Diego. Newport Bay is a
combination of two distinct water bodies - Lower and Upper Newport Bay, with
areas of 752 and 1,000 acres, respectively. They are divided by the Pacific
Coast Highway (PCH) Bridge. The Lower Bay, where the majority of commerce
and recreational boating exists, is highly developed. The Upper Bay contains
both a diverse mix of development in its lower reach and an undeveloped
ecological reserve to the north.

Upper Newport Bay (UNB) is primarily an estuary with fresh water inflows from
tributaries and drainage channels. It is home to six federally and state listed
threatened and endangered species (five bird species and one plant species)
and is designated as an Ecological Reserve by the State of California. The
primary source of freshwater flowing into UNB is San Diego Creek. Mixing of
fresh and salt water and the seasonal variability in salinity within the Bay
promotes a variety of diverse estuarine habitats. The major tributary of San
Diego Creek is Peters Canyon Channel, which includes Peters Canyon,
Rattlesnake Canyon, and Hicks Canyon Washes that have their headwaters in
the foothills of the Santa Ana Mountains. Above the junction with Peter Canyon
Channel, San Diego Creek extends in an easterly direction to include Bee
Canyon, Round Canyon, Agua Chino Wash, Borrego Canyon Wash and Serrano
Creek, all of which have their headwaters in the foothills of the Santa Ana
Mountains. Other fresh water inputs to the Bay include Santa Ana-Delhi
Channel, Big Canyon and other local drainages. Table 2.1 summarizes the
drainage areas of the tributaries of the Newport Bay watershed.

Table 2.1. Drainage Areas of the Newport Bay Watershed

Tributary Drainage Area (acres) | Drainage Area (mile?)

San Diego Creek 47,300 73.9
Peters Canyon 28,200 44 1

Channel

Santa Ana-Delhi 11,000 17.2

Other Drainage Areas 12,000 18.8
Total 98,500 154.0
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In the San Joaquin Valley in central California, Se contamination was reported to
result from the dissolved mineral load drained from seleniferous marine
sedimentary strata (Presser, 1994). The Irvine Subbasin in the SDC watershed
and the Main Orange County Basin consist of thick sequences of alluvial, fluvial,
and marine sediments deposited on Cretaceous igneous and metamorphic rocks
(Camp Dresser & Mckee Inc., 1985). Therefore, geohydrological movement
mechanisms of selenium similar to those in the San Joaquin Valley may be
expected to occur in this watershed.

2.2. METHODOLOGY FOR ECOLOGICAL IMPACT ASSESSMENT

It is important to acquire multiple lines of evidence to assess the occurrence or
absence of ecological impairment in an aquatic environment (Hall and Gidding,
2000). A protocol proposed by Lemly (1995) to assess aquatic hazards due to
selenium requires Se concentration data in five ecosystem components — water,
sediment, benthic macroinvertebrates, fish, and aquatic birds. The hazard
assessment procedure focuses on food-chain bioaccumulation and reproductive
impairment in fish and aquatic birds, which are considered to be the most
sensitive biological end points for determining potential ecosystem-level impacts
of selenium (Lemly, 1993). Incomplete data sets, with one or more ecosystem
components missing, will weaken the predictive power of the assessment, but it
can still be performed. In this report, field data on selenium are compiled and
compared with levels of concern reported in the literature to assess the
ecological impacts of selenium in the NB/SDC watershed.

2.3. DATA AVAILABLE FOR ANALYSIS
2.3.1. Surface and Groundwater

Irvine Ranch Water District (IRWD) was required under a NPDES permit for the
Wetland Water Supply Project to monitor selenium concentrations and loading to
the Newport Bay. Monthly monitoring was conducted at two locations in San
Diego Creek (Michelson and Campus Drives) from December 1997 to March
1999.

Dr. Barry Hibbs’ group at Cal State University Los Angeles conducted a study to
identify sources of selenium within the San Diego Creek Watershed (Hibbs and
Lee, 2000). Samples were collected from surface water channels and shallow
groundwater basins from April 1999 to December 1999. Sampling occurred
mostly in low flow conditions.

Dr. Fred Lee (G. Fred Lee & Associates), and Scott Taylor (Robert Bein, William
Frost and Associates) recently completed an investigation of sources of acute
toxicity in the San Diego Creek watershed (Lee and Taylor, 2001). Selenium is
one of the chemicals monitored in the study. The study involved sampling during
wet and dry weather at ten surface water locations within the watershed.
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No recent water column data are available for selenium concentrations in the
Bay. For the purposes of this report, historical water column concentrations in
the Bay were extracted from EPA’s STORET database.

2.3.2. Precipitation and Flow Data

Precipitation and flow data were obtained from OCPFRD as part of its monitoring
program (OCPFRD, Hydrologic Data Report 1998-1999 Season). Precipitation
data used in this report were collected at the Tustin - Irvine Ranch and Newport
Beach Harbor Master stations. OCPFRD conducted an one-week investigation
on nutrient sources in the San Diego Creek watershed, in which flow rates in
tributaries were measured. The flow data are used in this report for load
calculations and estimation of groundwater contribution to surface flow.

2.3.3. Sediment Data

Monitoring data for selenium concentrations in sediments are rare in recent
years. In the past, selenium was monitored at locations in the Creek and the
Bay. The historical data provide information regarding concentrations of Se in
sediments. These data were extracted from EPA’s STORET database. In 1995,
a sediment chemistry analysis was performed as part of a dredging project in
Upper Newport Bay, which was completed in 1999 (TOXSCAN, 1995). The
sediment chemistry data are used to assess ecological impacts due to selenium.

2.3.4 Invertebrate Data

The State Mussel Watch Program (SMWP) is an annual monitoring program run
by the State Water Resources Control Board in cooperation with the RWQCBs.
California Department of Fish and Game staff perform the field and laboratory
work. The Program monitors bioaccumulation of toxic chemicals in invertebrates
and uses the monitoring results as indication of contamination levels of a wide
variety of pollutants.

2.3.5 Fish Data

Initiated in 1976, the Toxic Substances Monitoring Program (TSMP) is an annual
monitoring program, in which the presence of toxic substances in waters is
determined by analyzing tissue from fish and other aquatic organisms. Like the
SMWP, the field and laboratory work is conducted by the Department of Fish and
Game on behalf of the State Board/Regional Boards.

2.4. IMPAIRMENT ASSESSMENT

In 2000, USEPA promulgated a rule “Water Quality Standards; Establishment of
Numeric Criteria for Priority Toxic Pollutants for the State of California” (California
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Toxics Rule, May 18, 2000). The California Toxics Rule (CTR) sets numeric
standards for selenium to protect aquatic systems from selenium toxicity. These
standards are listed in Table 2.2. The CTR standards can be compared to water
column concentrations for impairment assessment.

Table 2.2 USEPA Water Quality Standards for selenium in fresh and salt waters
CCC? fresh water | CMCP Saltwater | CCC? Saltwater
Selenium 5.0° 290° 71°
aCriterion Continuous Concentration (4-day average)

PCriterion Maximum Concentration

“This criterion is expressed in the total recoverable form.

9The criteria are expressed in terms of the dissolved fraction in the water column.

There have been many laboratory and field studies for investigation of Se
environmental chemistry and toxicology and the results are reported in the
literature. Engberg et al. (1998) and Henderson et al. (1995) summarized
selenium levels of concern in five environmental media (Table 2.3). The National
Irrigation Water Quality Program (NIWQP) published a guidance document for
background levels and levels of concern for biological effects due to a number of
constituents in various environmental media (NIWQP, 1998). These reviews
show that levels of concern fall in a fairly wide range for each environmental
medium. In this report, the concentration levels listed in Table 2.3 are used to
assess ecological impacts in NB/SDC watershed. It should be noted that the
level of concern for water column concentrations of selenium is as low as 2 pg/L
the US Fish & Wildlife Service that the CTR criterion be revised from 5 ug/L (total
recoverable) to 2 ug/L (dissolved) (see Section 3.3).

Table 2.3. Selenium levels of concern for five environmental indicators (mg/kg,
dry weight except as noted). (Engberg et al., 1998 and Henderson et al., 1995).

Toxicological and
Normal Level of reproductive effects a
Indicator background concern certainty
Water (ug/L) <0.5-1.5 2-5 >5
Sediment <2 2-4 >4
Food chain Usually < 2,
Rarely > 5 3-7 >7
Fish Usually < 2,
Rarely > 5 4-12 >12
Avian eggs Usually < 3,
Max <3 3-8 > 8
6 Draft Se TMDL for Newport Bay
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2.4 1. Concentrations in Waters

As reported in the Toxics Problem Statement for NB/SDC watershed (2001),
selenium concentrations at Campus Drive in San Diego Creek consistently
exceed the California Toxics Rule (CTR) criterion for fresh waters (5ug/L). Water
column concentration data at Campus Drive in San Diego Creek are shown in
Figure 2.1. The concentrations are well above the level that Engberg et al
characterized as certain to cause toxicological and reproductive effects (see
Table 2.3). This suggests that selenium is likely to cause ecological impacts in
San Diego Creek.

2.4.2 Concentrations in Sediments

Very few recent data are available for selenium levels in sediment in the Creek
and the Bay. Historical data (1976-1990, EPA STORET database) are used as
an indication of contamination in sediments. Concentrations in sediment
samples from San Diego Creek (Campus Drive) and the Santa Ana-Delhi
channel range from 0.02 to 3 mg/kg dry weight (dw), of which 78% are below 1
mg/kg dw. Concentrations in the Bay sediment range from 0.02 to 4 mg/kg dw,
with 75% below 1 mg/kg dw. These data suggest that impacts caused by
sediment in the watershed during the sampling years were minimal when
compared to the values for sediment in Table 2.3. However, it should be noted
that the watershed has undergone significant changes since the years of the
data. The data cannot be used to reflect the current Se levels.

As part of the 1995 dredging by OCPFRD, chemical analyses were performed on
bulk sediments collected from Upper Newport Bay. Results show selenium
concentrations were all below 1.0 mg/kg dw (ranging form 0.5 to 0.8) at the Unit
1 basin (approximate location) and access channels, with a detection limit of 0.1
mg/kg dw.

A more recent sampling and analysis of Bay sediment by Ogden Environmental
and Energy Services was conducted in 1999 (Ogden, 2000). Results show that
the amounts of selenium in sediment samples collected at four locations in
Newport Bay (Lido Island, South Bay Front, Dover Shores, and Linda Island)
were all below the detection limit of the analytical method used (1 mg/kg dw),
suggesting minimal impacts due to sediment selenium. However, more data will
be needed before impacts due to sediment can be determined.

2.4.3. Invertebrate Tissue Concentrations

The State Mussel Watch Program produces annual reports of concentrations of
various pollutants in mussel tissues as an indication of contamination in the
State’s water bodies. Figure 2.2 shows Se concentrations in transplanted
California mussels at various locations in Newport Bay, with the bold lines
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indicating range of concern levels. Selenium is found at a fairly constant level
from 1993 to 1998. However, noticeable increases are observed in years 1999
and 2000. Compared with the food chain values in Table 2.3, the data for the
last two years fall in the range of levels of concern. This warrants closer
monitoring of bioaccumulation in the invertebrates in the future.

2.4.4. Fish Tissue Concentrations

Figure 2.3 shows selenium concentrations in fish tissues collected from San
Diego Creek. Fish tissue analysis showed that water contents in fish were found
to range from 73% to 79%. The data shown were calculated from wet weight
concentrations using 75% for water content. Comparing with the values in Table
2.3, these concentrations fall in the range of levels of concern for fish.

In Newport Bay, fish tissue concentrations are generally lower than those found
in the Creek (see Figure 2.4) and they are lower than the level of concern for fish
in Table 2.3. An observation of the data is that fish tissue concentrations are
generally lower than concentrations in mussel tissues from the Bay. The fish
tissue concentrations both in the Creek and the Bay are well below a screening
value of 20 mg/kg (dry weight) for fish tissue contamination established by Office
of Environmental Health Hazard Assessment (OEHHA) for protection of human
consumption (OEHHA, 1999).
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Figure 2.1 Water column concentrations at Campus Drive in San Diego Creek.
Bold lines indicate the range of concern level (see Table 2.3).
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Figure 2.2 Selenium concentrations in transplanted California mussel tissues
collected from Newport Bay (data source: SMWP). Bold lines indicate the range
of concern level (see Table 2.3).
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Figure 2.3. Whole body fish tissue concentrations of selenium in Red Shiners
collected from San Diego Creek (data source: TSMP). Bold lines indicate the

range of concern level (see Table 2.3).
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Figure 2.4. Fish filet tissue concentrations of selenium collected from Newport
Bay (data source: TSMP). Bold lines indicate the range of concern level (see

Table 2.3).
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3. NUMERIC TARGETS

3.1. BENEFICIAL USES

The Water Quality Control Plan for the Santa Ana Region (Basin Plan, 1995)
designates the following beneficial uses for Newport Bay, San Diego Creek and
its tributaries (Table 3.1)

Table 3.1. Designated beneficial uses for Newport Bay and San Diego Creek
watershed.

BENEFICIAL USE
Water Body M|A|l |P|G|N|P|R|R|C|W|L|C|B|W|/R|[S|M|S|E
UIGIN|IR|W/A|IO|E|E|O|A|W|O|I |I |[A|P|A|H]|S
NIRID|O|R|V|W|C|C|M|R|R|L|O|L|R|{W|/R|E|T
C 112/ M| M|M|D|L|D|E]|N L
Lower NB + X X | x| x X | x| x| X]|x
Upper NB + X[ X |x X[ X |x|x|[X]|x]|x
San Diego + X | X X X
Creek Reach 1
San Diego + I |1 | |
Creek Reach 2
Tributaries of + I |1 | |
San Diego
Creek

X present or potential beneficial use
| intermittent beneficial use

+ excepted from MUN

3.2. NARRATIVE OBJECTIVES

To protect the designated beneficial uses, the Basin Plan includes the following
narrative objectives for toxic substances:

Enclosed Bays and Estuaries

Toxic substances shall not be discharged at levels that will bioaccumulate in
aquatic resources to levels which are harmful to human health.

The concentrations of toxic substances in the water column, sediments or biota
shall not adversely affect beneficial uses.
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Inland Surface Waters

Toxic substances shall not be discharged at levels that will bioaccumulate in
aquatic resources to levels which are harmful to human health.

Toxic concentrations of contaminants in waters which are existing or potential
sources of drinking water shall not occur at levels which are harmful to human
health.

The concentrations of toxic pollutants in the water column, sediment or biota
shall not adversely affect beneficial uses.

Groundwater

All waters of the region shall be maintained free of substances in concentrations
which are toxic, or that produce detrimental physiological responses in human,
plant, animal or aquatic life.

3.3 NUMERIC OBJECTIVES

As stated in the Problem Statement section of this report, USEPA promulgated
CTR numeric standards for toxic substances to protect beneficial uses of water
bodies in California (see Table 2.2). However, the chronic criterion for fresh
waters (i.e., 5 ug/L) is not considered to be fully protective of fish and wildlife
resources by the US Fish and Wildlife Service (USFWS). In response to EPA’s
request for a formal consultation on the California Toxics Rule, USFWS prepared
a biological opinion document on the effects of the promulgation of the CTR on
the listed species and critical habitats in California (USFWS, 2000). USFWS
found that the CCC for fresh waters did not protect listed fish and wildlife
dependent on the aquatic ecosystem for development and/or foraging. The
opinion was formed based on extensive review of experimental and field data
conducted over the past decade. The USFWS believes that the weight of
scientific evidence supporting a chronic criterion for selenium of < 2 ug/L is now
overwhelming. Therefore, USFWS recommended that a chronic criterion of 2
ug/L should be established. USEPA and USFWS have agreed on the following
terms and conditions (“Services” refers to Fish and Wildlife Service and National
Marine Fisheries Service)

EPA has agreed to revise its recommended 304 (a) acute and chronic
aquatic life criteria for selenium by January 2002. EPA will propose
revised acute and chronic aquatic life criteria for selenium in California
by January of 2003. EPA will work in close cooperation with the
Services to evaluate the degree of protection afforded to listed species
by the revisions to these criteria. EPA will solicit public comment on the
proposed criteria as part of its rulemaking processes, and will take into
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account all available information, including the information contained in
the Services’ opinion, to ensure that the revised criteria will adequately
protect federally listed species. If the revised criteria are less stringent
than those proposed by the Services in the opinion (i.e., 2 ug/L), EPA
will provide the Services with a biological evaluation/assessment on the
revised criteria by the time of the proposal to allow the Services to
complete a biological opinion on the proposed selenium criteria before
promulgating final criteria. EPA will provide the Services with updates
regarding the status of EPA’s revision of the criterion and any draft
biological evaluation/assessment associated with the revision. EPA will
promulgate final criteria as soon as possible, but no later than 18
months, after proposal... (USFWS, 2000)

3.4 SELECTED TARGET AND CURRENT CONDITION

For the purposes of the TMDL, the USFWS recommended criterion 2 pg/L is
used in this report as the numeric target to ensure protection of aquatic species
and wildlife in the San Diego Creek watershed. Attainment of this criterion in San
Diego Creek, Santa Ana-Delhi Channel, and other Newport Bay tributaries will
result in attainment of the saltwater standards in the Newport Bay (see Table
2.2). Recent measurements of selenium at Campus Drive in San Diego Creek
and Irvine Avenue in Santa Ana-Delhi Channel show violation of the chosen
numeric target (Table 3.2).

Table 3.2 Recent measurements of selenium in San Diego Creek and Santa
Ana-Delhi Channel. Unit: ug/L

Lee et al. Hibbs IRWD
Location 5/31/00 10/31/99 12/97-3/992
SDC, Campus Dr. 22.1 19 42.5
SA-Delhi, Irvine Ave. 11.9 - ---

darithmetic average of the period indicated
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4. SOURCE ANALYSIS

In southern California, a Mediterranean climate prevails, with dry summer and
wet winter seasons. As a result, water bodies typically experience distinctly
different seasonal flows and pollutant loads. However, regular monitoring data
for selenium in Newport Bay and its watershed are not available. In stead, a few
intense studies during short periods provide most of our current understanding of
the selenium loading in this watershed. Reasonable estimation of annual and
seasonal loads is not always feasible for each data set. Therefore, daily loads
are also used for evaluating the significance of each different source (e.g.,
groundwater vs. surface water) and comparing data among different data sets.

4.1. SURFACE WATERS AND GROUNDWATER

IRWD’s monthly monitoring data from 12/1997 to 3/1999 (Figure 2.1) indicate
consistent violation of the numeric target (2 nug/L) in San Diego Creek at Campus
Drive. Figure 4.1 shows selenium concentrations in relation to flow rate. No
strong correlation is found. However, daily loads estimated from concentrations
and flow data seem to exhibit a pattern when plotted as a function of flow rate
(Figure 4.2). In general, the estimated daily load shows an increasing trend with
flow rate at the low end of the flow spectrum. There are too few data to
determine the load pattern at high flow rates.

The monitoring data at Campus Drive allow an estimation of loading to Newport
Bay. A statistical method is used to calculate seasonal and annual loads. The
calculation methodology is summarized in Appendix A. The annual load of
selenium is estimated to be 3248 Ibs/year (4/1/98 - 3/31/99) with dry season load
of 1227 .4 |bs (4/1/98 - 9/30/98) and wet season load of 2020.6 Ibs (10/1/98 —
3/31/99). Detailed calculations and data used are listed in Table A2 (Appendix
A).

4.2. SELENIUM SOURCE IDENTIFICATION STUDY

Hibb and Lee (2000) investigated sources of selenium in the NB/SDC watershed.
The study area is shown in Figure 4.3. The study presents convincing evidence
that groundwater is a significant source of selenium to San Diego Creek and
Newport Bay. At the watershed scale, the study results show that selenium
concentrations exceed the numeric target in most of the surface and groundwater
samples collected, and that they exhibit spatial heterogeneity (Figure 4.4).
Concentrations in groundwater range from below 4 ppb (detection limit of the
analytical method employed) to 478 ppb. A statistical analysis shows that
selenium concentrations in groundwater samples were generally found to be
higher within the boundaries of an historical marsh than in other areas.
Radioisotope analysis on the water samples suggested that high selenium
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suggested that high selenium concentrations in groundwater result from
underground soils in the saturated zone.
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Figure 4.1 Relationships between dissolved selenium concentration and flow rate
at Campus Drive in San Diego Creek (Se data: IRWD, flow data: OCPFRD).
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Figure 4.2 Estimated selenium daily load as a function of flow rate at Campus
Drive in San Diego Creek (Se data: IRWD, flow data: OCPFRD).
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Figure 4.3. Map of study area, showing the locations of water sampling stations
and stream gage stations on important channels and creeks (source: Hibbs and

Lee, 2000).
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Figure 4.4. Selenium concentrations in groundwater (ug/L). Sample points
include water wells, weepholes, and springs (data source: Hibbs and Lee, 2000).

Monitoring of nursery discharge shows selenium concentrations in most of runoff
samples (6 out of 7) were below detection limits (i.e., <4 ug/L). One sample was
detected at 7 ug/L from Bordiers Nursery. Surface water monitoring shows that
discharges containing less than 10 ug/L selenium were mostly urban and
agricultural runoff. Surface channels and drains with particularly high
concentrations coincide with areas where high selenium groundwater samples
are found. Those channels include Como Channel (38 to 42 ug/L), Valencia
Drain at Moffett Drive (25 to 40 ug/L), Warner Drain (24 to 33 pg/L), and the
circular drains at Irvine Center Drive (141 to 162 ng/L) and at Barranca Parkway
(107 ug/L). Channel inspection and chemical composition analysis indicate that
those drainage channels collect considerable amounts of groundwater.

Three drainage channels (San Diego Creek above the confluence with Peters
Canyon Channel, Como Channel, and Santa Fe Channel) were selected for
detailed flow and chemical investigation. In these three channels, stream flows
were measured at upstream and downstream gage stations. Results indicated
that these channels are gaining streams in the reaches studied. Namely, the
increases in flow rates result from seepage of groundwater into the surface
channels.

An analysis of the flow and concentration data indicates the significance of
groundwater as a selenium source. Total selenium load from groundwater in
these three reaches is approximately 0.36 Ibs/day. The surface water loading of
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Se at Campus Drive falls in a range from 1.6 to 4 Ibs/day at low flow conditions
(see Figure 4.1). The comparison shows that groundwater inputs to the three
reaches alone represent a significant portion (9 to 22%) of the total Se load to
Newport Bay, indicating the significance of groundwater input of Se to surface
water. Detailed calculations are summarized in Table B2 (Appendix B).

Results of the study suggest that discharges from groundwater cleanup projects
and shallow groundwater dewatering activities are potential sources of selenium
and could be significant depending on the locations of these activities. However,
selenium information is not available for these discharges.

4.3. OCPFRD SEPTEMBER 1999 PETERS CANYON WASH/SAN DIEGO CREEK
NUTRIENT STUDY (OCPFRD, 2000)

As part of the investigation of nutrient sources in the San Diego Creek
watershed, OCPFRD conducted an one-week program of measurements of flow
rate in tributaries of Peters Canyon Channel and reaches 1 and 2 of San Diego
Creek in September 1999. The flow information allows estimation of
groundwater flow inputs to surface channels at the watershed scale. Results
show that the net increase in flow at Barranca Parkway in Peters Canyon
Channel was approximately 0.36 cfs in the reach studied. Increases in San
Diego Creek were 1.32 and 0.79 cfs for reach 1 and reach 2, respectively.
These net flow increases, calculated by subtracting measured creek flow from its
tributary flows, are believed to be contributions from groundwater via seepage
and weep holes. The net flow increases total 2.47 cfs, which represents a
significant portion of the Creek at Campus Drive. It should be noted that the
overall contribution of groundwater to surface flow is expected to be larger since
inputs of groundwater to the tributaries (e.g., Como and Santa Fe Channels,
Table B2 in Appendix B) are not accounted in the calculation.

4.4. CWA SECTION 319H STUDY MONITORING DATA

A more recent study (Lee and Taylor, 2001) was conducted by Dr. Fred Lee and
Scott Taylor, RBF, to investigate sources of acute toxicity in the San Diego Creek
watershed. Samples were collected on four days in 2000 — 01/25, 02/12, 02/21,
and 05/31. The sampling in January and February occurred during storm events
and the January sampling represents a “first-flush” event, according to flow
records. The May sampling provides information under dry weather conditions.
Chemical analysis allows differentiation of dissolved and particulate selenium.
Sampling stations and selenium concentrations are summarized in Appendix C.
Generally speaking, the results suggest that water-borne selenium mostly existed
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Figure 4.5 Average daily flow rates (cfs) in tributaries to Peters Canyon Channel
and reaches 1 and 2 of San Diego Creek, September 12-20, 1999 (data:
OCPFRD, 2000).

in dissolved forms under low flow conditions. Particulate fractions (i.e., total
minus dissolved) of selenium during rain events fall in a wider range than those
found in dry weather (5/31/00 samples). Consistent with other monitoring data,
the measured concentrations exceed the numeric target at most of the locations.

There was only one sample collected on January 25, 2000 and the total selenium
concentration was 15.6 ug/L at Campus Drive. Total selenium concentrations for
the rest of the sampling days are shown in Figures 4.6 — 4.8. These figures
show spatial distributions of selenium concentrations in the watershed and allow
comparisons of loading from different tributaries. Table 4.1 lists estimated loads
at four locations in the watershed. Several observations concerning Se sources
are summarized as below:

1. During rain events, high concentrations were found at Hines Channel and
Sand Canyon Channel during storms (Figures 4.6 and 4.7), suggesting that
Se sources exist upstream of the sampling locations when rain events occur.
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These sources may include runoff from hillside, open fields, agricultural lands,
and nurseries. The high concentrations were diluted downstream as flows
increased.

2. The dry weather sample collected in May (Figure 4.8) from Hines Channel
shows a low concentration, which is consistent with the findings in Hibbs’
study. This suggests that contributions from nursery channels to the
watershed are small in dry weather.

3. The estimated loads indicate that San Diego Creek contributes a substantially
higher Se load to the Bay than Santa Ana-Delhi channel. Of the load at
Campus Drive, Peters Canyon Channel is the biggest contributor of selenium
in the San Diego Creek watershed in dry weather. As noted in sections 4.2
and 4.3, the contribution is attributable to inputs of groundwater to PCC.

4. Se loads at Barranca Parkway in PCC did not change considerably between
dry weather and rain events. The drainage area cover mostly urban land
uses, suggesting that urban Se load is not significant.

5. Loading at Harvard Avenue in San Diego Creek increases substantially
during rain events compared to that in dry weather condition. Estimated
loads (Table 4.3) are comparable to those from PCC. The drainage area for
Harvard Avenue in SDC covers more open space than that in PCC drainage
area (see Appendix C for land uses). The seasonal variation in loading
suggests that open space runoff is a potential source of Se during rain
events.

Table 4.1 Calculated loads of selenium from major tributaries in Newport
Bay/San Diego Creek watershed

SDC?* @ SDC @ PCC’* @ | Santa Ana-
Campus Harvard Barranca Delhi
2/12/00
Conc. (ug/L) 7.4 5.2 11.7 <0.39
Flow® (cfs) 96.5 49.9 30.8 23.7
Load (Ibs/day) 3.86 1.40 1.95 <0.0